
TQEC Python 
implementation

Minimum Viable Product explanations



Main goal of the presentation

Quick start guide to understand the code.

The code is a prototype, everything can and likely will change.
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Why using cirq.Circuit and not stim.Circuit?

cirq.Circuit is made for quantum circuit construction and modification.

Advantages are

1. It is easier to construct a cirq.Circuit than a stim.Circuit
2. Modifying a cirq.Circuit is way simpler than stim.Circuit
3. Translation between cirq.Circuit and stim.Circuit are implemented

The drawbacks are:

1. cirq is a heavy additional dependency
2. cirq is slower than stim due to being 100% Python



Scalable templates

We do not care about plaquettes (yet)

Goal: generate a scaled array of numbers



Scalable templates: building blocks

Basic templates:

● Able to scale up or down
● Able to generate an array of numbers

Template instances have a BaseShape:

● Rectangle / RawRectangle
● AlternatingSquare / AlternatingCornerSquare

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/base.py#L50
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/base.py#L9
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/rectangle.py#L9C7-L9C16
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/rectangle.py#L46
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/square.py#L9
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/square.py#L29C7-L29C30


Scalable templates: building blocks

Template instances control the BaseShape scaling:

● No scaling for FixedTemplate instances
● Only scaling the largest dimension for ScalableRectangle
● Scaling both dimensions for ScalableAlternatingSquare

Template instances are also exportable to JSON.

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/base.py#L50
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/shapes/base.py#L9
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/fixed/base.py#L6
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/scalable/rectangle.py#L10
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/scalable/square.py#L21
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/base.py#L50
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/base.py#L29


Scalable templates – Assembling the blocks

Base idea: 
“Pin” corners of templates together.

The TemplateOrchestrator class has 
been made for that purpose:

● Add templates
● Add relative positioning between 

templates (relative / corner)
● Scale all the managed templates
● Construct a scaled array of integers

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L55
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L103
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L124
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L177
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L340
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L307


● Templates stored as an ordered list
[<tqec.templates.scalable.square.ScalableAlternatingSquare at [...]>,
 <tqec.templates.scalable.rectangle.ScalableRectangle at [...]>,
 <tqec.templates.scalable.rectangle.ScalableRectangle at [...]>,
 <tqec.templates.scalable.rectangle.ScalableRectangle at [...]>,
 <tqec.templates.scalable.rectangle.ScalableRectangle at [...]>]

● Corner-pinning is stored as a graph

● The global position of each template upper-left 
corner is used to position them (see 
_compute_ul_absolute_position method).

Scalable templates – Assembling the blocks

{0: Position(x=0,  y=0 ),
 1: Position(x=0,  y=-1),
 2: Position(x=-1, y=0 ),
 3: Position(x=4,  y=0 ),
 4: Position(x=0,  y=4 )}

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L98
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L99
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/templates/orchestrator.py#L210


Data flow

Scalable template Plaquette definition Logical operator 
definition

Cirq circuit

Stim circuit

Stim textual file

stimcirq.cirq_circuit_to_stim_circuit

stim.Circuit.__str__

TQEC library



Plaquette definition

Qubits:

● Is it a data or syndrome qubit?
● Position of the qubit
● Index of the qubit

Quantum circuit(s):

● Slices
● Operations (reset, gates, measure)
● Detector(s) definition

Graphical representation

● Shape
● Annotation
● Color

1       2     3     4     5      6
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https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/plaquette.py#L11


Plaquette definition – Qubits

PlaquetteQubit instances have:

● A type: “DATA” or “SYNDROME” (might add “ANCILLARY” if needed)
● A position in the plaquette coordinate system

DATA (0, 0) DATA (2, 0)

SYNDROME (1, 1)

DATA (2, 2)
DATA (0, 2)

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/qubit.py#L10
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/enums.py#L41


Plaquette definition – Quantum circuit

Plaquette instances have an instance of ScheduledCircuit. 
Each Plaquette instance represents a layer:

     Layer 1            Layer 2     Layer 3

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/plaquette.py#L11
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L8
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/plaquette.py#L11


Plaquette definition – Quantum circuit

A ScheduledCircuit instance is:

● A regular cirq.Circuit instance and,
● An ordered list of indices, providing the timeslice at which each gate in the 

above cirq.Circuit instance should be executed.
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https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L8


Plaquette definition – Stim-specific instructions

Issue: 
Some instructions useful in Stim are not available as cirq.Gate instances:

● SHIFT_COORDS
● DETECTOR

and are not generated by the stimcirq.cirq_circuit_to_stim_circuit 
function.

Solution:
Subclasses of cirq.Gate have been created for this purpose:

● ShiftCoordsGate
● DetectorGate

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L11
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L162C7-L162C19


Plaquette definition – The DetectorGate case

Detectors are defined within the Plaquette instances.

A DetectorGate:

● is applied on one qubit
● has a list of (qubit_offset, measurement_offset) representing the 

measurement(s) that are part of the detector

[((0, 0), -1)]: Last measurement on 5
[((0, 0), -2)]: Measurement before last measurement on 5
[((-1, -1), -1), 
 ((-1,  1), -1),
 (( 1, -1), -1),
 (( 1,  1), -1)]: Last measurements on 1, 2, 3 and 4.

DetectorGate

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L162C7-L162C19


Plaquette definition – The DetectorGate case

Finally, measurements given by a spatially and temporally local information are 
translated to global indices with the fill_in_global_record_indices.

This translation cannot be done directly within the 
stimcirq.cirq_circuit_to_stim_circuit function due to limitations in 
Stim API (see the RelativeMeasurementGate documentation).

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L162C7-L162C19
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/transformer.py#L57
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L59
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tqec.detectors.transformers.fill_in_global_record_indices

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/transformer.py#L57


Logical operator definition

Logical operators are defined similarly to detectors:

The OBSERVABLE_INCLUDE stim instruction is adapted to cirq with 
ObservableGate.

logical_z_observable = ObservableGate(

   qubit_coordinate_system_origin=cirq.GridQubit(3, 1),

   measurements_loopback_offsets=[

       (cirq.GridQubit(0, 0), -1),

       (cirq.GridQubit(0, 2), -1),

       (cirq.GridQubit(0, 4), -1),

   ],

   observable_index=0,

)

(0, 0)

(3, 1) (3, 3)

(3, 5)

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/gate.py#L241C7-L241C21
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https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/transformer.py#L57


Merging everything

We have:

● Scalable template definition
● Plaquette definitions
● Observable definition

How do we generate a stim.Circuit instance?



Merging everything – Generating plaquette circuits

For each plaquette (i.e., each integer) in the template: 

1. Get the ScheduledCircuit instance of the plaquette
2. Compute the global qubits the plaquette is applied on
3. Map the ScheduledCircuit to the computed global qubits

See tqec.generation.circuit.generate_circuit
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https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/generation/circuit.py#L10


Merging everything – Merging plaquette circuits

Merging is done with:

● The ScheduledCircuits class that manages several ScheduledCircuit 
instances.

● The merge_scheduled_circuits method.

The method merge_scheduled_circuits relies on some restrictive 
assumptions about the ScheduledCircuit instances gates ordering that 

should probably be lifted in the future.

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L97
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L260
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L260
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https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/transformer.py#L57
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L260


Data flow – The big Picture
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Initial JSON schemas available here for:
● TemplateOrchestrator
● Plaquette

https://github.com/QCHackers/tqec/tree/plaquette_design/python_prototype/specification/schemas
https://github.com/QCHackers/tqec/blob/plaquette_design/python_prototype/specification/schemas/template_orchestrator.schema.json
https://github.com/QCHackers/tqec/blob/plaquette_design/python_prototype/specification/schemas/plaquette.schema.json


Parts to improve

All improvements are welcomed, here are some ideas:

● Complete re-write of the measurement
management system.

● Improve DetectorGate.
● Improve logical operator.
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tqec.detectors.transformers.fill_in_global_record_indices

tqec.plaquette.schedule.merge_scheduled_circuits

https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/detectors/transformer.py#L57
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/schedule.py#L260


Backend-related issues

● These issues are related to the Python code, not the GUI side.
● Everything is on GitHub: QCHackers/tqec
● In particular

○ Issues are listed in QCHackers/tqec/issues
○ Pull Requests (PR) are listed in QCHackers/tqec/pulls

● You can filter issues with:
○ “backend” to have all the issues related to the backend
○ “good first issue” to have all the issues that are good entry-points for newcomers
○ both tags to only have good entry-points related to the backend

https://github.com/QCHackers/tqec/issues
https://github.com/QCHackers/tqec/issues
https://github.com/QCHackers/tqec/pulls
https://github.com/QCHackers/tqec/issues?q=is%3Aissue+is%3Aopen+label%3Abackend
https://github.com/QCHackers/tqec/issues?q=is%3Aissue+is%3Aopen+label%3A%22good+first+issue%22
https://github.com/QCHackers/tqec/issues?q=is%3Aissue+is%3Aopen+label%3A%22good+first+issue%22+label%3Abackend


Backend-related issues #34

Lifting the "Plaquette.shape should all be the same" assumption #34

Currently, Plaquette instances all have a “shape”, and the code only works 
correctly if that shape is the same for all the used Plaquette.

Comprehensive description of the issue on GitHub.

https://github.com/QCHackers/tqec/issues/34
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/plaquette.py#L11
https://github.com/QCHackers/tqec/blob/8f8ba60a53ef8fd8eac711face22e1c2ef4d3fe3/python_prototype/src/tqec/plaquette/plaquette.py#L11


Backend-related issues #56

Cannot run Jupyter Lab after server reset #56

Issue with Jupyter lab: may crash when re-starting the server.

In need of replication to test if the issue:

● is still present,
● is library-related, or dependent on the machine,
● can be fixed on the library side or not.

https://github.com/QCHackers/tqec/issues/56


Backend-related issues #61

Implement from_json in backend #61

The Python library needs to be able to build a full Stim circuit from a descriptive 
JSON.
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JSON

https://github.com/QCHackers/tqec/issues/61


Backend-related issues #50 ⟶ #53

1. Implement a horizontal Z movement QEC #50
2. Implement a vertical X movement QEC #51
3. Implement 90° rotated experiments #52
4. Implement Z and X extensions without rotating #53

Basically, implement increasingly complex QEC to:

● find bugs and missing features in the library,
● incrementally build what is needed for a full “corner”.

https://github.com/QCHackers/tqec/issues/50
https://github.com/QCHackers/tqec/issues/51
https://github.com/QCHackers/tqec/issues/52
https://github.com/QCHackers/tqec/issues/53


Backend-related issues #64

What framework to implement tests for the tqec library? #64

The library needs more tests! Help wanted!

https://github.com/QCHackers/tqec/issues/64


Backend-related issues #71

Improve the function to display TemplateOrchestrator as svg #71

1. Display the relationships between templates 
(corner pinning).

2. Find a way to display the "scalable" property of 
the outer edges. For example, outer edges that
will scale when scale_to is called are 
depicted as double-ended arrows whereas those 
that does not scale are depicted with 
inward-arrows.

https://github.com/QCHackers/tqec/issues/71


How to navigate in GitHub

Live demonstration


